While doing optical study in an instrument similar to the interferometers dedicated to the Very Large Telescope (VLT), we have to take care of the pupil and focus conjugations. Modules with artificial sources are designed to simulate the stellar beams, in terms of collimation and pupil location. They constitute alignment and calibration tools. In this paper, we present such a module in which the pupil mask is not located in a collimated beam thus introducing Fresnel diffraction. We study the instrumental contrast taking into account the spatial coherence of the source, and the pupil diffraction. The considered example is MATISSE, but this study can apply to any other instrument concerned with Fresnel diffraction.
INTRODUCTION
The Multi AperTure mid-Infrared SpectroScopic Experiment 1 (MATISSE) is designed to be a spectro-interferometer combining the beams of up to four telescopes UTs/ATs of the European Southern Observatory VLT. Covering the L, M, and N bands, this second generation instrument has the scientific objectives to study Active Galactic Nuclei, the formation and evolution of planetary systems, the birth of massive stars as well as the observation of the high-contrast environment of evolved stars. The optics of MATISSE is divided in three main sub-systems: the Warm Optics (WOP) and two Cold Optics (COB) benches for the L&M and N bands 2 . To simulate the VLT beams, the MATISSE instrument can be lit by artificial sources (ARC). This module delivers four visible and IR collimated beams in the purpose of alignment, maintenance and calibration operations.
The purpose of this paper is to study the spatial coherence of the ARC. In order to optimize the space dedicated to this module, the optical configuration is such that the pupil mask is not in a collimated beam. In the frame of the instrument performance study 3 , we were then concerned by the diffraction of the pupil mask, and its effect on the instrumental contrast measured in the Point Spread Function (PSF) plane. In Section 2 of this paper, we present the ARC optical configuration. Section 3 shows the Fresnel formalism 4 used to estimate the ARC performance in terms of instrumental fringe contrast. Section 4 is a study of a defocus effect, i.e. the contrast evolution if the observation is performed away from the theoretical PSF plane. The study is performed at the lowest wavelength of MATISSE, i.e. 3 µm.
ARC OPTICAL CONFIGURATION
The main function of the ARC module is to provide four beams at the entrance of the WOP to simulate the VLT beams to perform MATISSE alignment and calibration. The source is either a laser diode or an infrared ceramic source. Figure 1 shows the optical scheme of the ARC, from the pinhole source to the beam division.
The numerical values of the different parameters are the following: -The power optics has a focal length f 1 = 300 mm. Its position defines the origin of the z-axis. We note (x 1 , y 1 ) the coordinates of a point in this P 1 -plane.
-The extended source, a uniform, spatially incoherent disk of diameter ρ = 25 µm, is located at a distance z 1 = 2 f 1 = 600 mm in front of the previous optics.
-We observe the figure of diffraction in an x-y (P) plane located at the distance z 3 = z 1 of the power optics. Without the PMA-mask it would be the image of the source.
-The PMA-mask is located in the P 2 -plane at the distance z 2 = 499 mm of the power optics, and at the distance z = 101 mm of the P-plane containing the figure of diffraction. We note (x 2 , y 2 ) the coordinates of a point in this plane. The pupil diameter d is 3.1 mm, and their separation b is 5 mm. 
ρ represents a spherical wave in the P 2 -plane having propagated a distance of z 1 + z 2 , and converging at (-z 3 α, -z 3 β,
The transmission coefficient pup ( ) 2 ρ of the PMA-mask is described by the following expression: Taking into account the propagation through the distance z = z 3 -z 2 , we find the expression of the wave amplitude Ψ( ρ ) in the P-plane, with ρ = (x, y):
We recognize the FT of ( ) 
Finally, the intensity of the diffraction figure in the P-plane is proportional to: Considering the parameter values of MATISSE (see Section 2), we can plot the contrast versus ρ for a given z, and the contrast versus z for a given ρ (Figure 3) . With ρ = 25 µm and z = 101 mm, the expected instrumental contrast, calculated without the approximation of eq. 8, is 0.76 at the wavelength of 3 µm. Around z = 101 mm, an error Δz of ±2 mm on the PMA-mask positioning introduces less than 1% change in the contrast value. 
DEFOCUS EFFECT
We study the effect if we observe in a plane located at a distance ε from the theoretical PSF P-plane. To simplify, let us consider z 1 = z 3 as in the MATISSE instrument. In this case, the wave propagates on a distance z = z 1 -z 2 -ε from the PMA-mask up to the plane of observation. The amplitude Ψ ( ) ρ is then the amplitude at the exit of the PMA convolved
We recognize the FT of We know that ( ) ( ) 
We are interested in the contrast loss due to ε. The intensity modulation being defined in the x-direction, let us consider v = 0 (y = 0). To simplify also the expression, we consider β = 0 such that the position of the point-like source is defined 
+ −
Considering the term FT u,v (y 2 ².f(x 2 ,y 2 )), we also used the following derivative: To have access to the contrast value versus ε without the approximations considered to find eq. 11, we performed the direct computation of eq. 9. We validated the results by comparison with those of Section 3 for which ε = 0, and finally found the contrast degradation factor versus ε shown on Figure 5 . The contrast degradation factor is 0.95 for ε = 1 mm, and 0.40 for ε = 3 mm. The associated simulated PSFs are also shown. 
CONCLUSION
We studied the spatial coherence of the artificial source module of MATISSE considering the pupil mask is not in a collimated beam. Using Fresnel formalism, we showed the PSF is the same than that obtained in an optical configuration with a pupil mask in a collimated beam. Considering the MATISSE parameters, the instrumental contrast delivered by this module is expected to be 0.76 at the wavelength of 3 µm. We then estimated that the contrast is degraded by a factor of 95% when the PSF is recorded in a plane located at a distance of 1 mm from the theoretical PSF plane. This allows estimating the specification of defocus for the final MATISSE detector. Proc. of SPIE Vol. 7734 77343W-7
